Anal fistula is an abnormal tract or cavity between the anal canal and perianal skin. Surgical treatment of anal fistulas requires the identification of the course of the primary and secondary tracts and their relation with the sphincter musculature in order to appropriately manage them and drain any abscess. Physical examination alone is not as accurate as imaging modalities in detecting these features of the fistula, and recurrences are usually due to missed or inadequately managed infective components. Magnetic resonance imaging (MRI) is the preferred imaging modality for detecting anal fistulas, but which patient group should undergo preoperative MRI is a matter of debate. The aim of this study was to determine the contribution of MRI in the surgical management of anal fistulas.
F istula is a nonanatomic connection between two epithelized surfaces. Fistula-in-ano, also referred to as the anal fistula, is an abnormal tract or cavity between the anal canal and perianal skin. Parks et al. (1) for the first time attempted to classify anal fistulas. Parks' classification is based on perioperative physical findings and is composed of four grades, namely intersphincteric, transsphincteric, suprasphincteric, and extrasphincteric, with the inter-and transsphincteric grades further divided into subcategories (Table 1) . Standard Practice Task Force (SPTF), by the American Society of Colon and Rectal Surgeons, classifies anal fistulas as "simple" and "complex"; the latter category identifying the increased risk for incontinence after surgery (Table 1) (2) .
The characteristics of anal fistulas that should be noted during physical examination include the external opening(s), internal opening, main tract, lateral burrowings from the main tract, and presence of other diseases complicating the fistula (3) .
As the major cause of fistula-in-ano is cryptoglandular infection, abscess formation is not unusual. Proper manipulations, such as curettage and drainage of blind sinuses, abscess cavities, and accessory tracts, are the key for successful treatment. Physical examination alone may not be sufficient in detecting these features of the fistula, and imaging modalities play a very important complementary role (4) .
Fistulography, computed tomography (CT), endoanal ultrasonography (EUS), and magnetic resonance imaging (MRI) may be used to delineate anal fistulas (5) . Fistulography has not gained popularity because of its very poor diagnostic accuracy (6) . Low soft tissue contrast and need for cannulating the fistula to increase the contrast are the main causes that decrease the utility of CT in the assessment of anal fistulas (7) . In a meta-analysis, EUS yielded comparable results to MRI (8) , but poorer results also exist in the literature probably due to operator dependency of this technique (5) .
MRI use in anal fistulas was first reported in the early 1990s (9). In that initial report, MRI showed 87.5% concordance with the surgery. MRI has the ability to differentiate soft tissues, identify tracts outside the anal canal, and demonstrate the images compatible with the surgically relevant plane (10, 11) . The Association of Coloproctology of Great Britain and Ireland (12) defined MRI as an imaging technique with high sensitivity and specificity for the diagnosis of the primary fistula tract and recommended this technique for imaging assessment of the complex or recurrent fistulas.
Owing to high soft tissue resolution of MRI, localization of the site of internal opening of anal fistula, definition of the primary and secondary tracts and their relationships with the sphincter muscles, and presence of horseshoe fistulas and abscesses can be more accurately depicted preoperatively compared with physical examination (13) . A classification based on MRI findings alone was also developed by St. James Hospital (Table 1) (Figs. 1-5 ) (14) .
Many studies have compared the accuracy of different MRI techniques to operative findings. These were mainly blinded studies, in which the surgeon was not aware of MRI findings at the time of surgery (15) (16) (17) (18) . Buchanan et al. (19) have shown that surgeons' awareness of MRI results prior to fistula surgery resulted in decrease in the recurrence rate of anal fistulas. In a later study, Buchanan et al. (20) has found that in 10% of the primary fistulas, surgical treatment plan based on examination under anesthesia was changed after the results of MRI were provided to the surgeon. Beets-Tan et al. (21) have designed a study in which MRI results were provided to the surgeon just before the surgery was about to be concluded, and in 21% of these cases, the surgeon decided to continue the surgery based on the additional information provided by MRI.
Main points
• MRI is an accurate imaging modality to delineate anal fistula characteristics.
• MRI contribution to surgical management is mostly observed for grades 3 and 4 fistulas.
• Fistulas with the external opening located more than 2 cm from the anal canal tend to be complex, and MRI is a helpful tool in the preoperative surgical assessment of these fistulas.
• For recurrent fistulas, preoperative MRI is useful to reveal any sphincter defect. For anal fistulas, it remains unclear whether a surgical management plan drawn after physical examination and history analysis will benefit from preoperative MRI, providing additional information that could have not been identified even during surgery. Therefore, this study aims to determine the group of patients for which MRI is more likely to provide important complementary information leading to an extended initial surgical management of the fistula.
Methods

Patients and methods
Our study cohort comprised patients who underwent surgery for primary anal fistula and preoperative MRI in our institution from January 1, 2008 to April 15, 2018. Data were retrospectively collected from a database management system, including the surgery and physical examination notes derived from the personal identifiers, which were retrieved from the electronic records department of the hospital. Patients who had developed fistulas due to Crohn's disease or patients who underwent preoperative MRI in another institution were excluded. This study was approved by the Clinical Research Ethical Committee of our institution (ref no: KA-180055).
All surgeries were performed by or under the supervision of surgeons with at least 5 years of experience. Age, sex, examination under anesthesia findings, and Parks and SPTF classifications were obtained from operation notes, while St. James Hospital classification and any complementary radiological information, such as abscess or secondary tract formation, were derived from MRI reports assessed by specialists of the Abdominal Radiology Group.
Any discrepancies between surgical findings and MRI reports were noted. Two study groups were formed as per the contribution of preoperative MRI: significant and nonsignificant contribution groups. The significant contribution group identified patients with secondary (blind) tracts, horseshoe fistulas, or abscesses undiagnosed at physical examination and examination under anesthesia; those with the location of the internal orifice different from that identified by physical examination; or those with the grade of the fistula assessed to be more advanced after preoperative MRI.
MRI technique
Patients were examined with four different MRI scanners, three of them were 1.5 Tesla (T) MRI scanner (Symphony TIM, Siemens; SignaHDxt GE Medical Systems; Achieva dStream, Phillips Healthcare) and one was 3 T MRI scanner (Ingenia, Phillips Healthcare). Pelvic phased array coils were used to obtain images. Patients were scanned in the supine position. No special bowel preparation with oral or rectal contrast agents was used. MRI examination was started with sagittal fast spin-echo (FSE) T2-weighted sequence, which provided an overview of the pelvis showing the extent and axis of the anal canal. Following sequences included oblique axial and coronal fat-suppressed T2-weighted and oblique axial and coronal fat-suppressed T1-weighted images after the injection of 0.1 mmol/kg of gadolinium-based contrast agent (gadoterate meglumine). Axial and coronal oblique images of the anal canal were acquired with proper multiplanar prescription to obtain ideal images in accordance with the axis of the anal canal. Field of view of magnetic resonance images included levator ani muscles and supralevator planes since these anatomical sites may also be affected in the clinical course of anal fistula.
MRI assessment
Diagnosis of anal fistulas on MRI was based on the visualization of signal intensities (isointense to hyperintense on T2-weighted images, peripherally enhanced on contrast-enhanced T1-weighted images), shape (linear or oval structure surrounded by an irregular area), and extension of fistula. All fistulas were classified according to St. James Hospital classification system (Table 1) (14) . The radial site of the internal opening was defined according to clock position (6 o'clock posterior). Secondary extensions and accompanying abscesses were defined by their anatomical location such as intersphincteric, extrasphincteric, ischioanal, or ischiorectal. Fluid collections with peripheral contrast enhancement and visualized as the extension of fistula were defined as abscess. The abscesses extendPreoperative MRI of anal fistulas ing to the either side of the anal canal were defined as horseshoe abscesses.
Statistical analysis
For the primary endpoint, the study aims to determine the clinical characteristics (history and physical examination) that are likely to benefit from preoperative MRI. The study cohort of 136 patients (categorized into significant vs. nonsignificant MRI contribution groups) provides 80% power with 5% type-I error level to statistically identify significant differences ranging between 15% and 25% for the clinical findings observed in these two groups. As a secondary endpoint, the concordance between the classification schemes with and without the use of information from MRI (Parks and St. James classifications, respectively) was analyzed.
Descriptive statistics were provided as mean and standard deviation for age and as percentages for the categorical variables. The concordance between the two grading schemes was analyzed using Kendall's tau test. The difference between groups was analyzed using chi-square or Fisher's test for nominal variables and Mantel-Haenszel test for ordinal variables. A P value of <0.05 was used as the cutoff to infer statistical significance.
Results
The total number of eligible patients was 136. Mean patient age was 43±13 years. There were 106 males (77.9%). In total, 47 patients suffered from recurrent fistulas (34.6%). In nine patients (eight grade 1 and one grade 2), MRI failed to identify any fistulas. MRI was concordant with operative findings in 83.1% of the patients. Details of patients and their clinical characteristics are summarized in Table 2 .
MRI contribution to clinical evaluation was significant in 33.8% (46/136) of the patients. MRI more frequently provided significant information for complex fistulas than for simple fistulas (54.4% vs. 5.2%, P < 0.001). Proportion of patients with significant MRI contribution increased with increasing Parks grade (grade 1, 5.2%; grade 2, 47.6%; grade 3, 85.7%; grade 4, 87.5%). Significant preoperative MRI contribution was also more frequent if the external opening was more than 2 cm away from the anal canal (10.2% vs. 47.1%, P < 0.001) and when a horseshoe fistula was present (30.6% vs. 66.7%, P = 0.021). Although not statistically significant, the contribution of MRI was slightly more for recurrent fistulas than for primary fistulas (42.6% significant contribution vs. 29.2%, P = 0.11) ( Table 3) . MRI detected blind tracts in 23 cases (16.9%). Blind tract frequency increased with increasing Parks grades (0% for grade 1, 23% for grade 2, 28% for grade 3, and 75% for grade 4). Abscess formation was present in 45 patients (33.1%), and approximately 35.6% of these abscesses were discovered on only MRI, whereas 22.2% of the abscesses were detected operatively. MRI also identified damaged sphincteric musculature (Fig. 6 ) in 36.2% of the recurrent cases (17/47).
The concordance between St. James Hospital grade and Parks classification was 0.79 (Kendall's tau-b test, P < 0.001).
Discussion
The surgical treatment of anal fistulas requires identification of the course of the primary and secondary tracts and their relation with the sphincteric musculature in order to properly manage the fistula and drain any present abscess. Physical examination alone may not be enough to delineate these features (4) and recurrence is usually due to missed infective foci at the first surgery (5, 22) . MRI is the most accurate imaging tool to define anal canal anatomy and anal fistulas (23, 24) . With 136 patients, our study presents one of the largest series in the literature and identifies the group of patients for which the radiologic evaluation of the fistula using MRI significantly contributes to the surgical management of the disease. In our study, for nearly one-third of the patients, MRI provided important additional information. Detection of higher Parks grades, distance of external opening of the fistula from the anal canal, horseshoe fistulas, and complex fistulas are indicative Garg et al. (25) in a study evaluating MRI contribution to surgical management in 229 patients have reported that MRI added significant information in patients with additional tracts, horseshoe tracts, supralevator extension, unsuspected abscess, and multiple internal openings. Using these parameters, they concluded that MRI added significant information to 46.7% of the surgeries.
In an article by Beets-Tan et al. (21) , when the researchers delivered MRI results to the surgeon just before his decision to conclude the surgery, the surgeon decided to continue the surgery in 21% (12/56) of the patients based on information obtained from the MRI. In another study, MRI results changed the surgical management in 40% of the fistula cases caused by Crohn's disease and 24% of the recurrent fistula cases. Our study excludes patients with Crohn's disease, which is an accepted indication for MRI and thus identifies clinical findings associated with significant MRI contribution in primary fistulas.
A relatively smaller study of 40 patients by Mullen et al. (26) has shown that in cases where it was able to correctly identify the anatomical detail of the fistula, establish the need of extended surgery, correlate with EUS, or rule out a suspected fistula, MRI positively contributed to the surgical management of the patient. They concluded that such a positive contribution of MRI could be as high as 85% if used in selected cases. Positive contribution of MRI to clinical assessment has also been shown in studies by Chapple et al. (27) and Spencer et al. (28) , which demonstrated that compared with initial surgical exploration, MRI findings were a better predictor of both satisfactory surgery and need for re-operation.
In our study, MRI proved to change the operation when it delineated fistula characteristics, which could not be identified by physical examination or when the fistula grade was assessed to be higher than that of Parks classification after MRI assessment. With these criteria, MRI changed the operation in 33% of the cases. This ratio was 85% and 87% for Parks grade 3 and 4, respectively. We have also shown a significant contribution of MRI in detecting complex fistulas. This is mainly related to the increased incidence of blind tracts in Parks grade 3 and 4 or complex fistulas. The Association of Coloproctology of Great Britain and Ireland (2) recommends preoperative MRI for recurrent and complex fistulas. The parameters for complex fistulas are listed in Table 1 . Particularly for the primary fistulas, predicting whether a fistula is complex or not preoperatively may be difficult with physical examination alone (29) . Our experience is that if the external opening is farther away from the anal canal, the fistula tends to have a more complex course. Similarly, in our research, the benefit of MRI was significantly more for fistulas in which external opening was more than 2 cm far from the anal canal. Subgroup analysis revealed that blind tracts were more frequent in this group (25.3% vs. 2%). In some fistulas, the location of the external opening may be the only physical examination finding in the clinical settings; thus, our finding may be important to justify a preoperative MRI for this group of patients.
We found 79% concordance between St James Hospital grade and Parks classification. This confirms that the two assessments are correlated but not equally informative. The correlation of MRI findings with operative findings was investigated in other studies (17, 18, 20, 28) and ranged from 89% to 100%.
Missed infective features of fistulas are the main causes of their recurrence (30) , and these are not easy to detect on physical examination. Buchanan et al. (4) in their work comparing physical examination, ultrasonography, and MRI have shown that physical examination revealed 36% of the abscess or horseshoe fistulas, whereas MRI detected 88% of those. In our study, 8 of the 12 horseshoe fistulas were detected on MRI. Our findings also show that 35.6% of the abscesses were not detected during the surgery. These findings emphasize the importance of MRI in revealing the infective features of fistula.
Recurrence of anal fistulas is currently the only widely accepted indication for preoperative MRI evaluation. In our study, we observed that MRI significantly contributed to 42.6% of the cases (20/47). When combined with our finding that MRI significantly contributes to the management of anal fistulas in more than 85% of the Parks grade 3 and 4 patients, this identifies high grade as a stronger indication than recurrence for preoperative MRI.
Among our cases, MRI detected sphincter damage in 36.2% of the patients, and none of these patients presented with other clinical findings, such as incontinence. Trying to identify complex parameters may require extensive dissection during surgery, which increases the probability of sphincter damage (27) . Identifying the defective portion of the anal sphincter by MRI assures the surgeon to be more careful during this dissection, and the surgeon feels more confident if the recurrent fistula is related to the defective portion of the sphincter.
Few studies have pointed out the false negative results of the MRI (27, 31, 32) . MRI failed to identify nine fistulas in our study. Three of these fistulas were recurrent but all were simple (eight grade 1 and one grade 2). MRI may misdiagnose thin fistulas as fibrous tracts in the absence of inflammatory findings, yielding false negative results, and surgical therapy is never solely based on MRI findings, particularly for simple fistulas.
The limitation of this study is that the information is evaluated retrospectively, representing our past experience with preoperative MRI for primary fistulas. Although we can precisely identify the cases for which MRI provided additional information to the clinical evaluation and surgical exploration findings using the criteria given in the methods section, we could not define prospectively for which patients the surgical management has definitely changed. Fistulas caused by inflammatory bowel diseases were excluded from the study to investigate the added value of preoperative MRI in the group of patients encountered most frequently during clinical practice.
In conclusion, our study is valuable in linking the findings of preoperative physical examination and surgical exploration with preoperative MRI findings for the surgical management of anal fistulas. We assessed and demonstrated for the first time in the literature the added value of MRI for fistulas with external opening located more than 2 cm from the anal canal. Moreover, we identified other useful indications for MRI, such as the complex and higher grade fistulas. In recurrent cases, MRI contributes not only by establishing the fistula anatomy but also by identifying possible sphincter damage. Therefore, we propose the inclusion of MRI in the preoperative surgical assessment of anal fistulas when they are recurrent, complex, high grade, or when the external opening is located more than 2 cm from the anal canal.
